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INVESTIGATION OF PHASE-CHANGE COATINGS FOR VARIABLE
THERMAL CONTROL OF SPACECRAFT

By Warren C. Kelliher and Philip R. Young
Langley Research Center

SUMMARY

To overcome the limitations of present passive and active spacecraft thermal con-
trol systems, an investigation was conducted to determine the feasibility of producing a
surface coating which would provide regulation of the thermal balance of a spacecraft. A
concept called the '"phase-change effect' has been successfully developed and was so
named because it uses the change that occurs in the optical properties of many materials
during the phase transition from a crystalline solid to an amorphous material.

A series of coatings composed of low melting temperature crystallites dispersed
throughout transparent higher melting temperature polymers were formulated to demon-
strate this phase-change effect. These coatings are diffuse reflectors of solar radiation
at room temperature. However, when the phase transition temperature of the crystallites
embodied in the polymer matrix is reached, the coating becomes transparent. This trans-
parent coating, when backed with a mirror substrate, is specularly reflecting and has a
lower solar absorptance than the coating in its diffuse state. Model formulations have
been obtained which exhibit a 50-percent decrease in the ratio of solar absorptance to
thermal emittance, and the effect is both reproducible and reversible. The solar absorp-
tance of these coating systems is affected by thickness, temperature, and choice of sub-
strate whereas their thermal emittance is not affected by these parameters and remains
high and fairly constant. Microscopic examination of the coatings has revealed that the
phase-change effect is caused by a combined temperature dependent liquid—liquid solu-
bility and liquid—solid phase equilibrium between the inclusion material and the poly-
meric binder. Data are presented on several crystallite-polymer formulations, their
physical and optical properties, and associated phase-change temperatures. Preliminary
evaluations of the effect of the space environment on the coatings and the degree of ther-
mal regulation attainable with these coatings were also made. The results from the study
of these coating systems indicate that a phase-change effect can be used to obtain surfaces
with variable ratios of solar absorptance to thermal emittance and that a significant
amount of temperature regulation can be realized by using this type of coating.



INTRODUCTION

Temperature control in present spacecraft is generally achieved through the use of
passive and/or active thermal control systems. The passive coating systems (refs. 1
and 2) are simple and lightweight but cannot compensate for changes in the thermal envi-
ronment of the vehicle. Active control systems (refs. 3 to 5) are capable of compensating
for changes in the environment but are subject to mechanical failure as well as being
heavy and cumbersome. In order to overcome the limitations of the present systems, a
variable surface coating was proposed that would automatically regulate the thermal bal-
ance of a spacecraft. (See refs. 3 and 4.) Such a coating would be able effectively to vary
either its solar absorptance or emittance by means of a thermal or electrical input to
compensate automatically for internally and externally induced changes in the thermal
balance of the vehicle.

A number of concepts for obtaining a variable coating have been investigated at the
Langley Research Center. The most promising one involves the use of the change that
occurs in the optical properties of many materials during the phase transition from a
crystalline state to an amorphous phase. The proposed concept has been designated the
"phase-change effect." These phase-change coatings offer numerous advantages in that
the phase-change effect is reversible and thermally activated, and the coatings are not
limited by the geometry of a spacecraft since they can be applied as a paint. A high
degree of temperature regulation and a wide variation in thermal and optical proper-
ties of the coatings can be obtained.

PHASE-CHANGE CONCEPT

The method proposed to obtain a variable thermal control system employs either a
single- or two-component phase-change coating on a specularly reflecting substrate. This
coating will be a diffuse reflector of light below its crystalline phase transition point
because of the numerous complex reflecting surfaces of the dispersed crystallites in the
coating. Above the melting temperature of the crystallites, the coating becomes trans-
parent and permits light to be specularly reflected from the mirror substrate. The
amount of solar radiation absorbed is proportional to the length of the path that it trav-
els in an absorbing medium. As depicted in figure 1, the average path length of the light
may be considerably shorter (and its absorption lower) for a phase-change coating in its
transparent state than in its diffuse state. A change in the absorptance of the coating sys-
tem is therefore obtained in going from the diffuse state to the transparent state.

Thus, for a phase-change coating backed by a highly reflecting substrate, the change
from a low temperature diffusely reflecting state to a high temperature specularly reflect-
ing state can lower the solar absorptance of the coating system. Being based on a crystal-
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lization phenomenon, a thermal control coating has the advantages of being both
temperature activated and reversible.

MATERIALS SELECTION

A variable thermal control coating system can be obtained by using the phase-change
effect provided that materials can be found that undergo a crystalline phase transition
without the liquid flow normally associated with the crystalline melting point. One tech-
nique involving the use of a single component that was investigated to resolve the problem
of liquid flow was to make use of the ability of polymeric materials to undergo crosslink-
ing reactions to form a network type of molecular structure. These crosslinked polymers
have an elastomeric nature and will resist flow at temperatures above the melting point of
the polymeric crystallites. Four polymers (poly (vinyl stearate), polydodecene, polytetra-
decene, and polyoctadecene) chosen because their crystalline melting points were below
80° C were irradiated with gamma radiation to induce crosslinking of the molecular
chains. Although sufficient crosslinks were formed to prevent liquid flow, the polymer
had a very slow rate of crystallization compared with that of low molecular Weight chemi-
cals. This trait, in general, is characteristic of high molecular weight materials and is
a distinct disadvantage for this application. A phase-change coating of this type would not
have a sufficiently rapid response time to compensate for changes in the thermal balance
of a space vehicle.

A different concept was explored involving a two-component system which consisted
of a low molecular weight crystalline material and a compatible transparent amorphous
polymer. The crystalline materials (table I) were selected for their low melting temper-
ature and for their ability to change quickly and reversibly from a highly crystalline trans-
lucent state to an amorphous transparent state. The polymeric materials (table II) were
chosen primarily for their transparency to solar radiation, their relatively high softening
or melting points, and their low melt viscosity to aid blending at temperatures slightly
above their softening point.

RESULTS AND DISCUSSION

Coating Evaluation

To evaluate the numerous formulations arising from various combinations of crys-
talline and polymeric materials, a set of criteria based on reasonable performance goals
for a variable thermal control coating was established. Formulations were sought that
had the following properties:

(1) Phase transition temperature between 25° C and 70° C

(2) High degree of opacity at temperatures below the phase transition point



(3) High degree of transparency to solar radiation at temperatures above the phase
transition point

(4) Phase transition range no greater than 10° C
(5) Flow temperature of the coating higher than 90° C

(6) Rapid and reversible change from a crystalline to a transparent state when
thermally cycled through the phase transition temperature.

Both solution and melt techniques were employed to achieve homogeneous crystallite-
polymer blends of known composition. The most successful process was to mix the indi-
vidual constituents while each was in a molten state. Some of the mixtures, although form-
ing a homogeneous liquid blend, rapidly separated into two distinct phases upon cooling.
Other mixtures exhibited no phase transition even upon cooling to temperatures below
0° C.

Measurement of the phase transition temperature range of those coatings that had
a crystalline phase change was made on a Fisher-Johns melting point apparatus which has
a temperature-calibrated heated stage with an adjustable heater control.

Only those formulations that met the criteria listed or that form a basis for com-
parison are given in table III along with comments on their relative merits. The formu-
lations with the homopolymers (resins A and B) gave poor results, whereas the coatings
containing the copolymers (resins C and D) had good phase-change properties.

Mechanism of Phase-Change Effect

The concept of phase-change effect, that is, control of the absorptance of a coating
by variation of the path length of the incident light in a one-component system, is readily
understood. The mechanism by which the coating is able to perform in a two-component
system is not readily apparent. The data in table IIT show that selected crystalline mate-
rials formed good phase-change coatings with certain polymers and not with structurally
similar polymers. Also, slight variations in the chemical structure of the crystalline
material gave differing results with the same polymer. In order to explain these results,
and determine the physical mechanism by which the phase-change coating operates, a
detailed study was conducted with the use of paraffin and various percentages of both
resins C and D (table IIT). Paraffin, in contrast to the resins, is a birefringent material
in the crystalline state and thus its phase change could be determined visually with polar-
ized light. By alternately viewing the magnified coating under plain and polarized trans-
mitted light as it was heated and cooled through the phase transition region, the crystal-
line change in phase and the gross effective change in transparency could be distinguished.
It was found that when transparency was achieved, a true homogeneous solution of polymer
and paraffin was formed. No refraction or scattering was noted in the transparent state



and further heating did not cause the coating to revert back to a translucent state. These
observations preclude the possibility that dispersion, colloid formation, or the matching
of refractive indices was responsible for the phase-change effect. Formulations contain-
ing the other crystalline materials that had a phase change with resins C and D gave simi-
lar results.

In those coatings (table ITI) which had an upper critical solution or consolute tem-
perature much higher than the freezing point of the crystalline material, two liquid phases
were initially observed and on cooling, the molten crystalline material tended to coalesce
into large droplets of ligquid in the viscous polymer matrix. When this mixture was cooled
below the freezing point of the crystalline material, a nonuniform distribution of crystals
in the polymer was obtained and resulted in an unsatisfactory phase-change coating. In
those coatings which had a consolute temperature much lower than the freezing point of
the crystalline material, the liquid that separated out immediately froze into crystals and
did not effectively reflect the light in the solar wavelength region.

The formulations most satisfactory as phase-change coatings were those composi-
tions whose consolute temperatures occurred at or slightly above the melting point of the
crystalline material. When these coatings were cooled, the consolute temperature was
reached where the molten crystallite material began to separate from the polymer matrix
and two phases developed. Under these conditions, the best dispersion and optimum size
of solid crystallites in the polymer matrix was obtained. No lower critical solution tem-
perature (where the two phases coalesced) was noted down to -65° C.

Variability of Phase-Change Coatings Materials

Since the formulation of a phase-change coating is based on a matching of physical
properties and is not directly related to chemical structure, a wide variety of candidate
materials can be considered. However, to obtain the correct liquid—liquid solubility and
solid—liquid phase equilibrium, the solubility parameters, dipole moments, and melting
or softening points of the polymer and crystalline material must be compatible. Unfor-
tunately, these data are not readily available for the materials that would be considered
in formulating a phase-change coating for use in spacecraft thermal control. The correct
match of polymeric and crystalline material properties generally has to be obtained by an
experimental investigation such as outlined in table III.

The data in table HOI demonstrate that by a judicious choice of crystalline materials,
the phase transition temperature can be regulated to some degree without adversely dis-
turbing the solubility and phase equilibrium relationships. For example, the behavior of
phase-change coatings using eicosane is similar to that of the paraffin coatings, yet the
eicosane coatings have a lower phase transition temperature. Eicosane is one of a series
of alkane hydrocarbons which have a lower melting point than paraffin but whose crystal



structure and solubility characteristics are very similar to those of paraffin. Thus, by
utilizing different members of an organic homologous series, the transition temperature
range of a phase-change coating can be varied. The extent of this variation depends not
only on the difference in melting points but also on the magnitude of the change in the sol-
ubility characteristics between members of the homologous series. Too great a change
in solubility behavior can affect the consolute temperature and, therefore, the effective-

-

ness of the phase-change coatings.
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Performance Evaluation of Selected Formulations

On the basis of light transmission measurements, the six criteria previously stated,
and the compatibility of consolute temperatures with crystalline melting points, three rep-
resentative phase-change formulations were chosen for further testing: (1) 80% resin C
and 20% paraffin; (2) 50% resin D and 50% paraffin; and (3) 50% resin D and 50% eicosane.
All formulations are on a weight percent basis. The coatings containing resin C were
hard and friable whereas those with resin D were flexible. All coatings had narrow
(10° C) reversible phase transition ranges, a high degree of opacity, and no -flow below
90° C.

Specimens of the three formulations were prepared in 0.025-cm, 0.05-cm, and
0.10-cm thicknesses by pouring the melted coatings on both reflecting and absorbing sub-
strates. Mirror-polished steel plates on which silver was electrodeposited were used as
the highly specular reflecting substrate, and steel plates on which a flat black paint was
applied served as the highly absorbing substrate.

Total hemispherical reflectance measurements were made on the specimens as they
were heated through the phase transition region. These results were integrated over a
wavelength range of 0.22 to 2.10 micrometers which represented 95 percent of the solar
energy distribution. The experiments were conducted on a double-beam, ratio-recording
spectrophotometer (Cary Recording Spectrophotometer, Model 14). The samples were
mounted in a holder designed to keep them at a temperature which would maintain the
coating either in a crystalline or a transparent state during the measurements. A photo-
graph of this apparatus is shown in figure 2.

The reflectance curves of the silver substrate and the 20% paraffin—80% resin C
formulation in both its diffuse (25© C) and transparent or reflective state (76° C) are
given in figure 3. As can be seen, the increase in reflectance and thus the decrease in
absorptance for both curves are fairly constant through the 0.4- to 1.0-micrometer wave-
length region. Since the other compositions gave similar results, these coatings are not
spectrally dependent in this wavelength region which represents 60 percent of the solar
energy distribution. Absorption in the 1- to 2-micrometer region is caused by specific
organic groups and would necessarily be retained in spectra of both the crystalline and




transparent states. However, much of this absorption occurs in a wavelength region in
which the solar radiation contributes little to the overall solar absorptance.

A solar absorptance value for each of three formulations was obtained by subtract-
ing the spectral reflectance of the sample from unity and weighting the difference against
the sun's energy distribution at Earth's mean distance (ref. 6). These values are given
in table IV.

The data in table IV show that coatings on a reflecting substrate displayed substan-
tial decreases in absorptance as a result of a small temperature change at the phase
transition region. By graphically illustrating part of the data given in table IV, the
significance of the variation in solar absorptance attainable with a phase-change
coating is shown. Figure 4 shows the change in solar absorptance for the 0.05 cm
20% paraffin—80% resin C coating as it goes through its phase transition temperature
range of 65° C to 70° C; photographs of the coating in its opaque and transparent states
are included. This coating exhibited a 55-percent decrease in solar absorptance (from
0.34 to 0.15) as it was heated through the 50 C phase transition temperature range. As
shown by the data in table IV, doubling the thickness of the resin D coatings did not appre-
ciably alter the percentage decrease in absorptance although the low and high temperature
values of the thicker specimens were generally slightly higher than those of the thinner
specimens. Unfortunately, the 0.10 cm, 20% paraffin—80% resin C coating had suf-
ficient flow at the elevated temperature that a reliable absorptance value could not be
obtained.

In order to determine the effect of the substrate on the solar absorptance of the
coating system, optical measurements were made of these three formulations on black,
highly absorbing substrates (table IV). If the coatings were truly opaque, the substrate
would have no effect on the low temperature absorptance but if the coatings transmitted
a substantial quantity of incident light, then this absorptance would be markedly increased.
The latter condition was observed, as shown in table IV. For 20% paraffin—80% resin C
coating on reflecting and absorbing substrates, the solar absorptance increased from 0.34
to 0.66. Thus, the absorptance properties of a coating system are highly dependent on
the reflectance of the substrate. The choice of a substrate for phase-change coatings is
therefore most important in controlling the desired change in solar absorptance values.

Emittance values were obtained by use of a ratio-recording spectrometer equipped
with a heated cavity. The data were obtained over the wavelength range of 2.5 to
15 micrometers which represents 55 percent of the radiant energy of a 295° K black-
body. The samples were mounted on a probe through which temperature-controlled water
was circulated to maintain the coatings in the desired crystalline or transparent state dur-
ing the measurement. The thermal emittance of each sample was calculated by subtract-
ing its spectral reflectance from unity and weighting the difference against the spectral



distribution of a blackbody at the sample temperature. The emittance values are given
in table IV. A description of the spectrophotometers and the detailed procedures for cal-
culating solar absorptance and thermal emittance are found in reference 6.

The materials used in these coatings are organic compounds which absorb very
heavily in the infrared wavelength region (0.8 to 23 micrometers). (See ref. 7.) These
coatings therefore have high extinction coefficients and infrared radiation does not pene-
trate very deeply into the material before it is absorbed. As a result, the type of sub-
strate and specimen thickness used in this study did not affect emittance values, as the
data in table IV indicate. Since emission is largely independent of the physical state of
the compounds (ref. 8), the emittance is not appreciably affected by the change from crys-
talline to transparenf state. In summary, the emittance of these systems is high and is
not affected by the same parameters which influence solar absorptance.

Stability of Selected Formulations to Simulated Space Environment

The effect of space environment on the materials comprising the coatings was not
considered during their selection. Therefore, the coatings were subsequently subjected
to environmental tests to determine the problems that might develop from two-component
phase-change systems. The resin D-paraffin coating was selected for gamma irradiation
as it had a lesser tendency to flow than the resin C-paraffin coating. After approximately
22 x 104 J/kg of cobalt-60 gamma irradiation, no change in color, opacity, or phase-
change temperature was noted. After a dose of approximately 5.5 X 104 g /kg, the ten-

dency to flow at high temperatures was inhibited due to crosslinking of the polymer chains.

Sufficient crosslinks were produced after approximately 1.9 X 109 J /kg of irradiation to
completely prevent melt flow in this formulation. Although the phase transition tempera-
ture of this coating was not affected, it is anticipated that additional crosslinking would
adversely affect the solubility characteristics of the polymer and would result in a change
of the coating phase transition temperature.

The resin B-paraffin coating was subjected to a high vacuum (5 X 10-9 N/m?2) for
20 hours at room temperature and no significant weight change was noted. When another
sample of the coating was cycled only 10 times through its phase-change temperature
under the same vacuum conditions, a 1-percent weight change was noted. Additional
cycling in the vacuum resulted in loss of the phase transition, presumably because of
volatilization of the paraffin from the coating. Therefore, the vapor pressure and vola-
tility of the crystalline material must be considered when selections are made for formu-

lating space-stable coatings.

When exposed for 100 hours to high intensity ultraviolet light (BH-6, 12 inches from
specimen), both resin C—paraffin and resin D—paraffin coatings degraded from a white to
yellow-brown color. It would appear that the ultraviolet light stability of the components
must also be considered when formulating space-stable phase-change coatings.
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Potential Application of Phase-Change Coatings

The temperature control of satellites and space vehicles is dependent to a large
extent on the radiative properties of the spacecraft's outer surface. A plot of the equi-
librium temperature of the spacecraft as a function of the ratio of solar absorptance to
thermal emittance of a surface can be obtained if one considers the spacecraft as an imag-
inary coated flat plate of unit area, insulated on the back, with the front oriented normal
to the sun and at a set distance from the sun. (See refs. 4 and 5.) Figure 5 gives the
temperature equilibrium curves for a solar or heat flux of 4.62 X 105 W/cm?2 and
1.92 X 105 W/cm?2 onto this flat plate. With this coating on the idealized flat plate and
heat input of 1.92 X 109 W/cm2, the plate would reach an equilibrium temperature indi-
cated by point A in figure 5. If the heat input to the plate is increased to 4.65 X 105 W/cm2,
the equilibrium temperature would increase to point B, the assumption being made that
the plate maintained the same ratio of absorptance to emittance as before. However,
as the temperature increases, the phase-change coating will be driven into its phase
transition temperature range and will change the ratio of its absorptance to emittance as
indicated by point C. Thus, the phase-change coating would regulate the temperature of
the flat plate to a 5° C rise for the increased heat input whereas a passive control coating
would have permitted a 600 C rise in temperature. The magnitude of the values from this
hypothetical case is significant as it demonstrates that the phase-change coatings have an
inherent high degree of temperature sensitivity (thermally activated with a 5° C tempera-
ture range) and temperature control (capable of regulating a heat input that would nor-
mally cause a 60° C change in temperature).

Development of Space-Stable Phase-Change Coatings

Based on this study, a series of material selection criteria can be summarized for
producing space-stable phase-change coatings. The polymer should (a) have a high degree
of transparency to the ultraviolet—visible part of the solar spectrum, (b) have a higher
melting point than the maximum temperature anticipated for any particular mission, and
(¢) maintain its transparency and degree of solubility for the crystalline material in a
space environment. The crystalline material should (a) have an index of refraction that
differs significantly from the polymer to maximize opacity of the coating, (b) have a suf-
ficiently rapid rate of crystallization in the polymer to respond to any thermal changes
in the spacecraft, and (¢) maintain its color stability and not volatilize from the coating
in the space environment. The crystalline material polymer mixtures should possess two-
phase solubility behavior so that an upper critical solution temperature is formed at or
near the melting point of the crystalline material.

By using these criteria as a starting point, a contractual effort was undertaken to
develop space-stable phase-change coatings. The results of this study show that such
coatings can be obtained. These coatings withstood a combined environment of



1 X 106 J/kg of X-radiation, 100 equivalent sun hours of ultraviolet radiation, and

1.33 x 10-6 N/m2 vacuum without a change in the ratio of solar absorptance to thermal
emittance. These coatings have also been cycled 1000 times through the phase transition
temperature with no changes in properties. (See refs. 9 and 10.)

CONCLUDING REMARKS

This experimental study demonstrates the feasibility of using a phase-change effect
to obtain a variable thermal control coating. Model phase-change coatings developed in
this program exhibited as much as a twofold decrease in solar absorptance within a tem-
perature range of 100 C. Theoretical values of heat flux were assumed and equilibrium
temperatures were calculated from experimental properties of these coatings as applied
to a hypothetical spacecraft model. The results show that phase-change coatings have a
potential high degree of temperature control sensitivity and stability.

Criteria necessary for formulating satisfactory phase-change thermal control coat-
ings have been determined as a result of experiments on coating stability and phase-
change mechanism. Based on this study and by use of these criteria, a contractual
research program has demonstrated that the phase-change effect can be obtained with

space-stable materials.
Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., May 11, 1972.
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TABLE I.- PHYSICAL PROPERTIES OF CRYSTALLINE MATERIALS
USED IN THERMAL CONTROL COATING STUDY

Crystalline Chemical Refractive index,
material structure p
Paraffin CH3<CH2)17 9gCHg 1.440 (60° C)
Eicosane CH3(CHy)18CH; 1.435 (40° C)
Hexadecane CH3(CH2)14CH3 1.434 (25° C)
Octadecanol CH3(CH2)17OH ————————————
Hexadecanol CH3(CHy); 50H 1.428 (80° C)
Tetradecanol CH3(CH2)13OH ------------
Dodecanol CH3(CH2)11 ____________
Decanol CH3<CH2)90H 1.437 (25° C)
Octanol CH3(CH2)7OH 1.429 (25° C)
Hexanol CH3(CH2>5OH 1.418 (25° C)
Nonadecene CH3(CH2)16CH CH, 1.444 (25° Q)
Lauric acid CH3(CH2) oCOOH 1.418 (80° C)
Diphenyl methane | (&) - CHy - (O 1.577 (259 C)

Melting or
softenicr,lg point,
50 to 56 |

38

20

58

47

37

23

6

-16
-52

24

45

25
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TABLE II.- PHYSICAL PROPERTIES OF POLYMERIC MATERIALS

Designation
Resiﬁ D
Resin C
Resin B

Resin A

USED IN THERMAL CONTROL COATING STUDY

Chemical composition

Copolymer of o-methyl styrene
and vinyl toluene

Copolymer of ethylene and
vinyl acetate

Low molecular weight
polyethylene

Low molecular weight

polystyrene

Refractive index,
)

Melting or
softening point,
oC

1.583 (25° C)
1.488 (25° C)
1.516 (25° C)

1.592 (25° C)

120

88

105

120
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TABLE II.- COMPOSITION AND MELTING RANGES OF COATINGS CONSIDERED FOR PHASE-CHANGE COATINGS

Comments

14

All compositions formed opaque mixtures which slowly separate into

Melt flow started around 80° C.

A flexible and tough coating with good phase-change characteristics was
obtained. For paraffin content below 30 percent, no phase change
was noted. Best properties were obtained at 50% crystalline level.
Coatings were soft but not tacky above phase-change temperature

Compositions formed friable coatings with good phase-change charac-
Coatings became soft but not tacky above phase-change
temperature. They started to flow above 90° C. Greatest opacity

Coatings have lower phase transition temperature than the paraffin
Other properties similar to those of paraffin.

Melting point of crystalline material had little effect on phase change of
coating. Coatings with decanol and lower molecular weight alcohols

Whiteness and

hiding power of coatings were better than that observed with the

The coatings became soft and somewhat more tacky

than the paraffin coatings above phase-change temperature.

Polymer|  Crystalline |Composition | Fhase change
crystalline oC
Resin A | Paraffin 20 | eeeeeeeo
Dodecanol 20 | ---e-e-- two distinct phases.
Octadecanol 20 | eeeeeeec
Resin B | Paraffin 90 56 to 59 All compositions remained partially translucent above phase
80 62 to 66 transition point.
70 68 to 73
60 75 to 80
40 85 to 89
20 92 to 98
Resin C | Paraffin 80 52 to 58
60 52 to 58
50 52 to 57
40 52 to 61
30 52 to 66 and started to flow at 110° C.
20 | --------
Eicosane 50 35to 45
Hexadecane 50 Below 25
20 Below 20
Octadecanol 50 | ----=---- No phase change obtained.
Tetradecanol 50 | ceeeeee-
Dodecanol 50 | --------
Nonadecene 30 18 to 22 Flexible and tough coating with fair amount of opacity.
Depheny! methane 50  { -------- No phase change obtained.
Resin D | Paraffin 80 70 to 112
60 83 to 105 teristics.
40 80 to 97
30 75to 91 appeared to occur with a paraffin content of 20 percent.
20 65 to 70
10 50 to 56
Eicosane 55 31to 59
35 33to 58 coatings.
30 40 to 53
25 36 to 47
20 35to 40
15 34to 38
Hexadecane 20 16 to 22
Octadecanol 20 58 to 70
Hexadecanol 20 57to 69
Tetradecanol 20 54 to 65 tended to smoke above phase-change temperature.
Dodecanol 20 49 to 59
Decanol 20 48 to 58 alkane series.
Octanol 20 43 to 52
Hexanol 20 37to 45
Diphenyl methane 20 ] memeeeee No phase change obtained.
Lauric acid 20 | -------- No phase change obtained.
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TABLE IV.- EFFECT OF BACKGROUND, THICKNESS, AND TEMPERATURE ON ABSORPTANCE

AND EMITTANCE OF PHASE-CHANGE COATINGS

Coating

20% paraffin—80% resin C
(reflecting substrate)
20% paraffin—80% resin C
(absorbing substrate)
50% paraffin—50% resin D
(reflecting substrate)
50% paraffin—50% resin D
(absorbing substrate)

50% eicosane —50% resin D
(reflecting substrate)

{
(
{
(
(

Coating

50% paraffin—50% resin D {

Thickness,

cm

0.05
10

05
10

.05
.10
.05
.10

05
10

cm

0.025
.025

(a) Absorptance

Solar absorption
of substrate

0.10
.10

.96
.96
.10
.10

.96
.96

.10
.10

Solar absorption
of system below
phase-change
temperature
0.34

.30

.66
.62

.33
42

.94
.87

.37
45

(b) Emittance

of background

0.06 (Reflecting)
.93 (Absorbing)

Thickness, | Thermal emittance | Thermal emittance

of coating

0.90
.94

Solar absorption )
of system above f:;%i};&ﬁ?ge
phase-change oC ’
temperature
0.15
65 to 70
.95
65 to 70
‘16 52 to 57
21 ©
.96
} 52 to 57
.96
19 35 to 45
23 °
Temperature

Above and below phase-
change temperature

15
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Phase-change coating
(crystalline material—transparent polymer)

Diffuse reflection

Crystalline
state

Visible light

Transparent

state \

Specular reflection

Mirror substrate

Figure 1.- Schematic of model phase-change coating system.



'A. Temperature readout D. Insulated nichrome heater
B. Sample holder frame L. Heater power supply
C. 'Silver-plated steel plate
(substrate for coating)
- L-72-2422
Figure 2.- Temperature-regulated apparatus for solar absorptance measurements.
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Figure 3.- Reflectance curves for 20% paraffin—80% resin C coating (0.05 cm thick).
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Figure 4.~ Change in solar absorptance with temperature for 20% paraffin—80% resin C model.
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